The adsorption of alizarin red (AR) dye onto termite hill sample (THs) was investigated. Prior to the adsorption studies, the elemental, morphological, surface and structural properties of THs were examined by modern analytical methods. Instrumental analysis showed that the homogenous microstructured THs are comprised of iron oxide, silica oxide, and alumina as major components.
INTRODUCTION
In numerous industries, such as cosmetics, textiles, cotton, paper, plastics, leather, pharmaceuticals and food, dyes are used to colour the products (Afkhami & Moosavi ) .
Consequently, large amounts of coloured wastewater are generated. The presence of dyes in wastewaters raises tremendous concerns: the presence of dyes in water, even at very low concentration, might lead to reduction in the aesthetic value of water. The degradation by-products of some organic dyes are potentially toxic, carcinogenic, mutagenic and allergenic to marine life (Chung & Cerniglia ) .
Besides, the presence of these dyes in the environment may lead to collapse of some dyeing industries due to non-compliance with quality standards specified by the ISO 14000 certification. Alizarin is an anthraquinone originally derived from the root of the madder plant (Ghaedi et al. ) . Synthetic dyes, such as Alizarin Red S (AR-S), belong to the most durable dyes; they cannot be completely degraded by general chemical, physical and biological processes (Gautam et al. ) . This is attributed to their complex aromatic structures, which give them physicochemical, thermal and optical stability. Different methods such as adsorption, coagulation, advanced oxidation, and membrane separation are used in the removal of dyes from wastewater (Gupta  
MATERIALS AND METHODS
Chemicals, termite hill samples, and instrumentation AR ( Figure 1 ) was purchased from PS Park Scientific Limited, Northampton, UK. Stock solution containing 1,000 mg/L AR dye was prepared by dissolving 1.0 g of AR dye in 1,000 mL of deionized water, and stored in the dark at 4 C. Working solutions were prepared daily using serial dilution. The TH sample was mined at Oye-Ekiti, Ekiti After each of the experiments, an aliquot was withdrawn and a UV/visible spectrophotometer was used to determine the concentration of AR (λ max ¼ 450 nm). The percentage AR dye removal was calculated with Equation (1) and the amount of AR dye adsorbed (q e ; mg of AR dye per g THs) was calculated using Equation (2).
where C o and C e (mg/L) are the initial and equilibrium concentrations of the AR dye solution, respectively, V (mL) is the volume of the solution and W (g) is the mass of THs used.
Kinetic, equilibrium and thermodynamics models
The linearized form of the pseudo-first-and pseudo-secondorder kinetic models are presented in Equations (3) and (4), respectively.
where q e is the equilibrium amount of AR dye adsorbed per unit mass of THs (mg/g), q t is the amount of AR dye adsorbed per unit mass of THs at time t (mg/g), k 1 and k 2 are the pseudo-first-and pseudo-second-order adsorption rate constants, respectively, and t is time (min).
For the adsorption process obeying the pseudo-firstorder kinetic model, a plot of log 10 (q e À q t ) against t will give a straight line graph with the q e (mg/g) and k 1 obtained from the intercept and slope of the graph (Equation (3)), respectively. However, a straight line graph of a plot of t/q t against time t (Equation (4)) is an indication that the adsorption process follows the pseudo-second-order kinetic model, and k 2 and q e (mg/g) are calculated from the intercept and slope of the plot, respectively.
The linearized form of the Langmuir () and Freundlich () models are presented in Equations (5) and (6), respectively.
log 10 q e ¼ log 10
where C e , q e , q m and n are the equilibrium concentration of given as Equation (7). An isotherm is favourable if 0<
Conversely, for an adsorption process obeying the Freundlich isotherm, the plot of log 10 q e against log 10 C e will be linear with K F and n obtained from the intercept and slope, respectively. A value of n between 1 and 10 indicates a favourable adsorption process. 
where C o À C e is the amount of the AR dye adsorbed per litre, C e is the equilibrium concentration of solution in mg/L, T is temperature in Kelvin (K), R is the ideal gas constant (8.314 J/mol/K) and K is the thermodynamic equilibrium constant. A plot of log K against 1/T gave ΔH o and ΔS o from the slope and intercept of Equation (10), respectively.
RESULTS AND DISCUSSION

SEM and TEM analyses of THs
A homogeneous microstructure of THs by SEM is presented in Figure 2 
Elemental investigation of THs
The EDS spectrum of THs is as shown in Figure 3 . The estimated percentage composition of elements in the THs by EDS is C (20.44 ± 1.74 wt%), O (59.99 ± 2.58 wt%), Al (7.92 ± 2.55 wt%), and Si (11.66 ± 3.05 wt%). This method of analysis is not an accurate analytical technique to quantitatively determine the chemical composition of samples, thus, the quantitative elemental composition was carried out by XRF.
It was observed according to the XRF analysis of THs presented in Table 1 are kaolinite and quartz.
FTIR examination
As shown in Figure 4 Fufa () . The difference in the surface area might be due to differences in the sizes of the THs particles resulting from different methods of sample preparation. As expected, the BET surface area of treated or calcined THs will be higher.
Adsorption results
Effect of adsorbent dosage and initial concentration
The The trend of the graph is similar to the results obtained by 
Isotherm, kinetic and thermodynamic studies
The Langmuir isotherm is used to determine whether the adsorption process occurs through a monolayer formation. Table 2 .
The pseudo-first-order and pseudo-second-order kinetics as tested on the adsorption of AR dye onto THs are presented in Figures 14 and 15 , respectively. The adsorption kinetics followed the pseudo-second-order equation, having a higher regression coefficient value of 0.9729; this showed that chemisorption is the main rate limiting step. 
